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(57) ABSTRACT 
For use in controlling the release of entrapped body 
fluids, a surgically implantable flow control valve is 
provided which includes a molded plastic base separat 
ing an inlet chamber from an outlet chamber and includ 
ing one or more apertures passing from the inlet cham 
ber to the outlet chamber, and a resilient membrane 
which is molded of a material different from the mate 
rial of the plastic base and which is secured to the base 
covering the aperture or apertures through the base on 
the outlet chamber side of the base. 

29 Claims, 2 Drawing Figures 
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1. 

FLOW CONTROL VALVE 

This is a continuation of application Ser. No. 510,381, 
filed June 30, 1983 which is a continuation of Ser. No. 
208,514, filed Nov. 20, 1980 (Both Now Abandoned). 

BACKGROUND OF THE INVENTION 
This invention relates generally to surgically implant 

able valves, and more particularly, to improvements in 
one-way flow control valves for controlling the flow of 
cerebrospinal fluid out of a brain ventricle and prevent 
ing backflow of fluid into the brain ventricle. 
As is well known in the medical arts, to relieve unde 

sirable accumulation of fluids, it is frequently necessary 
to provide a means for draining a fluid from one part of 
the human body to another in a controlled manner. This 
is required, for example, in the treatment of hydroceph 
alus, an ailment, usually afflicting infants or children, in 
which fluids which ought to drain away accumulate 
within the skull and thereby exert extreme pressure and 
skull deforming forces. 

In treating hydrocephalus, cerebrospinal fluid accu 
mulated in the brain ventricles is drained away by a 
catheter inserted into the ventricle through the skull, 
and the catheter is connected to a tube which conducts 
the fluid away from the brain to be reintroduced into 
the vascular system, as by extending through the pa 
tient's jugular vein to the atrium portion of the heart. To 
control the flow of cerebrospinal fluid and maintain the 
proper pressure in the brain ventricle, a pump or valve 
is placed in the conduit between the brain and the heart 
atrium. 
Many such devices have been used heretofore, but 

prior devices have tended to become obstructed by 
particulate matter entering the drainage system or by 
the backward diffusion of blood into the system. Fur 
ther, some prior devices have included moving parts 
which tend to share to adhere to other parts of the 
device and become immobile. When this occurs, the 
device itself becomes a barrier in the drainage system, 
and it adds to the problem it is intended to solve. More 
over, some prior devices have included metal compo 
nents which tended to interfere with X-ray photogra 
phy, and X-ray photography frequently accompanies 
the use of surgically implanted flow control valves. 

Accordingly, there has been a long existing need in 
the medical arts for a convenient and effective device 
for controlling the flow of fluid from one part of the 
human body to another, which device is relatively inex 
pensive to manufacture and which is constructed of 
non-metallic parts which are not subject to adhering to 
one another and causing malfunction of the device. All 
will become apparent from the following description, 
the present invention satisfies these needs and provides 
other related advantages. 

SUMMARY OF THE INVENTION 

The present invention resides in a device for control 
ling the flow of fluids from one part of the human body 
to another, which device is constructed of non-metallic 
materials which prevent adhesion of one part to an 
other, thereby providing trouble-free and reliable oper 
ation of the device. Moreover, the apparatus of the 
present invention is relatively inexpensive to manufac 
ture, and can be easily modified to provide a variety of 
pressure/flow characteristics. 
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The illustrated device of the present invention is 

constructed of a relatively rigid, unitized molded plastic 
base having apertures through which the fluid must 
flow and a resilient membrane, molded of a non-metallic 
material different from the material of the plastic base, 
which membrane covers the apertures through the base 
on the downstream side of the base. The resilient mem 
brane is normally biased to prevent flow through the 
valve, but will open to permit flow through the valve 
when the pressure upstream of the valve exceeds the 
pressure downstream of the valve by a predetermined 
amount. 
More specifically, the plastic base separates an inlet 

chamber covered by a resilient dome from an outlet 
chamber, and the apertures through the base permit 
flow from the inlet chamber to the outlet chamber. To 
permit connection of the valve of the present invention 
to a conduit of a drainage system, an inlet connector and 
an outlet connector are integrally molded with a gener 
ally horizontal plate to form the unitized base, and the 
inlet and outlet connectors are in open communication 
with the inlet chamber and the outlet chamber, respec 
tively. The resilient membrane is secured to the base 
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and overlies the apertures through the base on the outlet 
chamber side of the base. 
A variety of pressure/flow characteristics can be 

provided by the flow control valve of the present inven 
tion by providing the valve with a resilient membrane 
having a different thickness. The resistance to flow 
through the valve increases with increase in membrane 
thickness. 

In order to provide the desired resistance to adhesion 
between the plastic base and the resilient membrane, 
particularly during storage of the valve, the plastic base 
is preferably formed of a polypropylene material, and 
the membrane is preferably formed of a silicone elasto 
mer material. Further, the resilient dome which cooper 
ates with the plastic base to form the inlet chamber is 
also preferably molded of a silicon elastomer material. 
Other features and advantages of the present inven 

tion will become apparent from the following more 
detailed description, taken in conjunction with the ac 
companying drawings, which illustrate, by way of ex 
ample, the principles of the invention. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a preferred form the 

flow control valve of the present invention shown con 
nected to surgical tubing, the tubes being shown in 
fragmentary form; and 
FIG. 2 is an elevational, sectional view of the flow 

control valve of the present invention, taken substan 
tially along line 2-2 of FIG. 1, and including arrows 
indicating the direction of fluid flow through the valve. 

DETAILED DESCRIPTION 

As shown in the drawings for purposes of illustration, 
the present invention is embodied in a flow control 
valve, indicated generally by reference numeral 10 in 
FIG. 1, intended for use in a surgically implanted sys 
tem for draining fluid from one portion of the human 
body to another. In order to connect the valve 10 in 
such a system, the valve includes an inlet connector 12 
and an outlet connector 14 which each receive one end 
of a piece of surgical tubing, illustrated in FIG. 1 as an 
inlet tube 16 and an outlet tube 18. The tubes 16 and 18 
slide over the connectors 12 and 14, and each is secured 
to its respective connector by a single ligature 20 and 
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22. The ligatures are preferably secured around the 
tubing just inside of an annular ridge 23 formed near the 
end of each connector (FIG. 2). 
When the valve 10 is used in a drainage system in 

tended for treatment of hydrocephalus, the inlet tube 16 
connects to a proximal catheter (not shown) which is 
inserted through the skull into a brain ventricle contain 
ing cerebrospinal fluid under pressure. The outlet tube 
18 connects to a distal catheter (not shown) which 
serves to discharge cerebrospinal fluid into, for exam 
ple, the atrium portion of a patient's heart. Ordinarily, a 
valve 10 will be surgically implanted on the patient's 
skull with a flap of skin overlying the valve. To facili 
tate holding the valve in its desired position after im 
plantation, a generally flexible mounting plate 24 of the 
valve can be provided with one or more suture holes 26. 

In accordance with the present invention, and as best 
shown in FIG. 2, the valve 10 includes a relatively rigid, 
molded plastic base 30 of unitized construction. The 
base 30 comprises a generally horizontal plate 32, which 
separates an inlet chamber 34 from an outlet chamber 36 
in the valve 10, and the inlet and outlet connectors 12 
and 14 which are integrally formed with the plate. 
The inlet chamber 34 is defined generally by the top 

of the plate 32 and a resilient dome 38 secured to the top 
of the base 30. The outlet chamber 36 is defined gener 
ally by the bottom of the plate 32 and the mounting 
plate 24. It will be noted that the inlet connector 12 is in 
open communication with the inlet chamber 34, and the 
outlet connector 14 is in open communication with the 
outlet chamber 36. To permit fluid to flow through the 
valve 10, one or more apertures 40 are provided 
through the plate 32. 
The flow control valve 10 is arranged for controlling 

the flow of cerebrospinal fluid out of a brain ventricle 
and preventing backflow of fluid into the brain ventri 
cle by the provision of a resilient non-metallic mem 
brane 42, which is molded of a synthetic polymer mate 
rial different from the material of the relatively rigid 
plastic base, and which is secured to the base and covers 
the aperture or apertures 40 on the outlet chamber side 
of the base. The resilient membrane 42 is normally bi 
ased to close communication from the inlet chamber to 
the outlet chamber, but will open to permit flow (as 
indicated by the arrows in FIG. 2) when the pressure in 
the inlet chamber exceeds the pressure in the outlet 
chamber by a predetermined amount. Moreover, should 
the pressure in the outlet chamber ever exceed the pres 
sure in the inlet chamber, tending to cause flow in a 
reverse direction through the valve, the membrane 42 
will seal tightly against the plate 32, sealing the aper 
tures 40 and preventing any such reverse flow. 
More specifically, the molded plastic base of the pres 

ent invention is preferably formed of a polypropylene 
material, and the membrane 42 is formed of an elasto 
mer material, preferably a silicone elastomer material. 
Both the polypropylene and elastomer materials have 
been shown to produce an acceptable level of tissue 
reaction, and it has been discovered that the use of this 
particular duality of materials, in contrast to use of only 
a single material by the prior art, markedly decreases 
the chance of the membrane 42 adhering to the base 30, 
which would clog the drain passage and defeat the 
whole purpose of the valve 10. Further, the valve of this 
invention is relatively inexpensive to manufacture, is 
trouble-free and reliable in use, and can be easily modi 
fied to produce a variety of pressure/flow characteris 
tics. 
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4. 
An added advantage of using these particular materi 

als is the avoidance of the negative effect of metal com 
ponents, due to radiation scatter or "sunburst effect', on 
films taken by, for example, computerized axial tomog 
raphy (CAT) scanning equipment. This type of scan 
ning frequently accompanies the use of surgically im 
planted flow control valves, and the absence of metal in 
the area scanned will permit more accurate and com 
plete results to be gathered from CAT scanning. 

In the preferred embodiment illustrated, the mem 
brane 42 has an arch-shape, as for example a section of 
a sphere, and contacts the lower side of the plate 32 
generally along the outer edges of the membrane in a 
manner surrounding the apertures 40. The membrane 42 
is secured to the plate 32 by an upstanding central Sup 
port 44 which is received in a mounting aperture in the 
plate and fixed thereto by an interference fit and use of 
an adhesive, or any other suitable means. 

Since the valve 10 of the present invention is primar 
ily designed to provide controlled resistance to cerebro 
spinal fluid flow from a brain ventricle to an atrium 
portion of the patient's heart, it will be appreciated that 
a doctor must be able to select a valve having the partic 
ular pressure/flow characteristics desired for each indi 
vidual application. That is, a valve which permits flow 
at a relatively low pressure differential may not be suit 
able where the maintenance of a higher pressure differ 
ential is indicated. 
Toward this end, in order to provide a variety of 

valves having different pressure/flow characteristics 
the valve 10 can be provided with a thick membrane 42 
or a relatively thin membrane 42. Resistance to flow 
increases with the increase in membrane thickness. 
The resilient dome 38 is also preferably molded of a 

silicone elastomer material, and is designed to permit 
injection into the drainage system by a hypodermic 
needle through the dome. Further, the dome 38 is suffi 
ciently resilient to be deformed downwardly by exter 
nal finger pressure. In this way, the flow control valve 
10 can be flushed manually in either the proximal or 
distal direction. 
To flush the control valve 10 in the proximal direc 

tion, the outlet tube 18 can be occluded by finger pres 
sure, and the dome 38 pressed downwardly as described 
above. The occlusion of the outlet tube 18 prevents any 
flow from the valve in the distal direction, and the 
depression of the dome 38 will therefore cause flushing 
of the fluid in the valve in the proximal direction. Simi 
larly, by occluding the inlet tube 16 and depressing the 
dome 38, fluid in the inlet chamber 34 will be forced 
through the apertures 40, past the membrane 42 and into 
the outlet tube 18. 
From the foregoing, it will be appreciated that the 

valve 10 of the present invention provides a device by 
which the flow of cerebrospinal fluid out of a brain 
ventricle can be controlled while preventing the back 
flow of fluid into the brain ventricle, and by which the 
chance of the valve clogging the drain passage can be 
greatly decreased. Further, the valve 10 can be fabri 
cated conveniently and economically, is trouble-free 
and reliable in use, and can be easily adapted to provide 
a variety of pressure/flow characteristics. 
While a particular form of the invention has been 

illustrated and described, it will be apparent that various 
modifications can be made without departing from the 
spirit and scope of the invention. Accordingly, it is not 
intended that the invention be limited, except as by the 
appended claims. 
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We claim: 
1. A surgically implantable flow control valve for 

controlling the flow of fluid from one portion of the 
human body to another, said valve comprising: 
a substantially rigid polypropylene base of unitized 5 

construction including a plate having a generally 
planar inlet surface and a generally planar outlet 
surface, a tubular inlet connector integral with said 
plate, and a tubular outlet connector integral with 
said plate; 

an inlet passageway through said base, said inlet pas 
sageway originating at an open end of said inlet 
connector and terminating at an inlet port situated 
on said inlet surface of said plate; 

an outlet passageway through said base, said outlet 
passageway originating at an outlet port adjacent 
said outlet surface and terminating at an open end 
of said outlet connector; 

a resilient dome substantially overlying said base and 
said inlet port, said dome having an arch-shape 
similar to one-half of a sphere, the inner surface of 
said dome being smooth and forming a seal against 
an upper surface of said base to create an inlet 
chamber between said dome and said base, said 
dome being deformable toward said base by exter 
nal pressure so that the extent of deformation is 
limited by contact between said dome and said 
base; 

a mounting pad generally underlying said base and 
interacting with the edges of said dome to substan 
tially encase said base in connection with said 
dome, said mounting pad including suture holes to 
allow said valve to be fixedly attached to a specific 
location on the human body; 

an outlet chamber between said outlet surface and 
said mounting pad; 

a plate passageway permitting fluid communication 
between said inlet chamber and said outlet cham 
ber; and 

a flow control member including a central support 
and a resilient membrane, said central support 
being securely attached to said base and extending 
therefrom into said outlet chamber to support said 
membrane, said membrane being generally arch 
shaped and resiliently biased to normally contact 
said outlet surface generally along the outer edges 
of said membrane in a manner surrounding said 
plate passageway and forming a releasable seal 
between said outlet surface and the outer edges of 50 
said membrane, said outlet surface being suffi 
ciently rigid to maintain a proper valve seat for the 
outer edges of said membrane despite pressure 
applied to said inlet surface caused by contact of 
said dome with said inlet surface when said dome is 55 
fully deformed, said membrane being formed of an 
elastomer material to prevent sticking with said 
polypropylene base. 

2. A surgically implantable flow control valve, com 
prising: 
an inlet; 
an outlet; 
a rigid base forming a wall separating said inlet from 

said outlet, said wall including a planar valve seat 
on its outlet side; 

an aperture through said wall for permitting fluid 
flow through said valve from said inlet to said 
outlet; and 
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6 
a flow control member including a central support 
and a resilient membrane, said central support 
being securely attached to said wall adjacent said 
aperture and extending therefrom on the outlet side 
of said wall to support said membrane, said men 
brane being generally arch-shaped and resiliently 
biased to normally contact said planar valve seat 
generally along the outer edges of said membrane 
in a manner surrounding said aperture and forming 
a releasable seal between the outlet side of said wall 
and the outer edges of said membrane. 

3. A valve as recited in claim 2 wherein said mem 
brane is molded of a non-metallic synthetic polymer 
material different from the material of said base. 

4. A valve as recited in claim 3 wherein said base is 
formed of a polypropylene material. 

5. A valve as recited in claim 4 wherein said mem 
brane is formed of an elastomer material. 

6. A valve as recited in claim 2 including a flexible 
encasement generally surrounding said base. 

7. A valve as recited in claim 6 wherein said encase 
ment is deformable toward the inlet side of said wall by 
external pressure primarily to facilitate manual flushing 
of said valve. 

8. A valve as recited in claim 7 wherein said central 
support holds said membrane adjacent the outlet side of 
said wall in a manner permitting full deformation of said 
encasement toward the inlet side of said wall without 
affecting the seal between the outer edges of said mem 
brane and said wall. 

9. A valve as recited in claim 7 wherein said base is 
sufficiently rigid to maintain said valve seat for said 
membrane despite external pressure applied to the inlet 
side of said wall when said encasement is fully de 
formed. 

10. A valve as recited in claim 2 further including a 
resilient dome secured to said base over the inlet side of 
said wall to form an inlet chamber in communication 
with said inlet, said dome being deformable toward said 
wall by external pressure. 

11. A surgically implantable flow control valve for 
controlling the flow of fluid from one portion of the 
human body to another, said valve comprising: 
an inlet substantially defined by an inlet connector 
and an inlet chamber; 

an outlet substantially defined by an outlet connector 
and an outlet chamber; 

a base of unitized construction including a rigid plate 
which resists deformation and which is integrally 
formed with said inlet and outlet connectors, said 
plate having a planar inlet surface in communica 
tion with said inlet chamber and a parallel planar 
outlet surface in communication with said outlet 
chamber, said outlet surface providing a planar 
valve seat within said valve; 

an aperture through said plate for permitting flow of 
the fluid through said valve from said inlet cham 
ber to said outlet chamber, said aperture being 
situated in the vicinity of said valve seat; and 

a flow control member mounted adjacent said outlet 
surface and over said aperture, said member being 
resiliently biased to overlie and close said aperture 
to fluid flow, the rigidness of said base facilitating 
the formation of a releasable seal between said 
member and said valve seat. 

12. A valve as recited in claim 11 wherein said mem 
ber is molded of a non-metallic synthetic polymer mate 
rial different from the material of said base. 
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13. A valve as recited in claim 12 wherein said base is 
formed of a polypropylene material. 

14. A valve as recited in claim 13 wherein said mem 
ber is formed of an elastomer material. 

15. A valve as recited in claim 11 including a flexible 
encasement generally surrounding said base and includ 
ing means for anchoring said valve. 

16. A valve as recited in claim 15 wherein said en 
casement is deformable toward said inlet surface by 
external pressure primarily for causing manual flushing 
of said valve. 

17. A valve as recited in claim 16 wherein said mem 
ber is held adjacent said outlet surface in a manner 
permitting full deformation of said encasement toward 
said inlet surface without affecting the seal between said 
member and said valve seat. 

18. A valve as recited in claim 17 wherein said flow 
control member includes a central support and a resil 
ient membrane, said central support being securely at 
tached to said outlet surface and extending therefrom 
into said outlet chamber to support said resilient mem 
brane, said resilient membrane being generally arch 
shaped so that the outer edges of said membrane nor 
mally contact said outlet surface in a manner surround 
ing said aperture. 

19. A valve as recited in claim 11 further including a 
resilient dome secured to said inlet surface and cooper 
ating with said inlet surface to form said inlet chamber, 
said dome being deformable toward said inlet surface by 
external pressure. 

20. A surgically implantable flow control valve for 
controlling the flow of fluid from one portion of the 
human body to another, said valve comprising: 

a base of unitized construction including a substan 
tially rigid base plate having a first surface and a 
second surface, an inlet connector integral with 
said plate, and an outlet connector integral with 
said plate; 

an inlet passageway through said base, said inlet pas 
sageway originating at an open end of said inlet 
connector and terminating at an inlet port; 

an outlet passageway through said base, said outlet 
passageway originating at an outlet port adjacent 
said second surface and terminating at an open end 
of said outlet connector; 

an inlet chamber adjacent said first surface, said inlet 
chamber communicating with said inlet passage 
way at said inlet port; 
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8 
an outlet chamber adjacent said second surface, said 
second surface including a planar valve seat and 
said outlet chamber communicating with said out 
let passageway at said outlet port; 

a base plate passageway permitting communication 
between said inlet chamber and said outlet cham 
ber; and 

a flow control member including a central support 
and a resilient membrane, said central support 
being securely attached to said base plate and ex 
tending therefrom into said outlet chamber to sup 
port said membrane, and said membrane being 
generally arched-shaped and resiliently biased to 
normally contact said second surface generally 
along the outer edges of said membrane in a man 
ner surrounding said base plate passageway. 

21. A valve as recited in claim 20 wherein said mem 
brane is molded of a non-metallic synthetic polymer 
material different from the material of said base. 

22. A valve as recited in claim 20 wherein said base is 
formed of a polypropylene material. 

23. A valve as recited in claim 22 wherein said men 
brane is formed of a silicone elastomer material. 

24. A valve as recited in claim 20 including a dome 
deformable toward said base by external finger pres 
Sc. 

25. A valve as recited in claim 24 wherein said central 
support holds said membrane adjacent said second sur 
face and within said outlet chamber in a manner permit 
ting full deformation of said dome toward said first 
surface without affecting a seal formed between the 
outer edge of said membrane and said second surface. 

26. A valve as recited in claim 24 wherein said base is 
sufficiently rigid to maintain said valve seat for said 
membrane on said second surface despite external pres 
sure applied to said first surface when said dome is fully 
deformed. 

27. A valve as recited in claim 20 wherein said outlet 
chamber is defined by a hollow void in said base situ 
ated between said second surface and said outlet port. 

28. A valve as recited in claim 27 wherein said outlet 
chamber includes a generally open side which is en 
closed by a mounting pad affixed to the underside of 
said base. 

29. A valve as recited in claim 27 wherein said outlet 
chamber is substantially surrounded by said base so that 
fluid can only enter said outlet chamber through said 
base plate passageway and exit said outlet chamber 
through said outlet port. 
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